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INTRODUCTION
The major histocompatibility complex (MHC) genes encode highly polymorphic glycoproteins that play a central role in immune recognition and regulation. This group of genes is best studied in humans and mice, where they have been divided into three classes: class I, class II, and class III [1] . Each class contains genes that encode proteins with immune and nonimmune functions. Class I genes are further subdivided into class Ia and class Ib. Class Ia genes have ubiquitous tissue distribution and are expressed in nearly all nucleated cells. A few tissues express low levels of class Ia genes, whereas some, including the syncytiotrophoblast and villous cytotrophoblast, do not express the class Ia genes, human leukocyte antigen (HLA)-A and HLA-B [2] . Class Ib genes have a more limited tissue distribution and unknown functions [3] [4] [5] [6] [7] . Recently, considerable attention has been focused on the class Ib genes because of their potential role in modulating immune functions in pregnancy. In this review, we examine the tissue expression and potential function of one of the class Ib genes, HLA-G, in humans and its homologues in nonhuman primates to identify models that could be used for functional studies of this molecule.
CLASS Ib GENE EXPRESSION IN HUMANS
In humans, the class Ib locus contains three expressed genes, HLA-E, HLA-F, and HLA-G [8] . Transfection experiments showed that HLA-E encoded a 41-kDa intracellular protein, HLA-F encoded a 40-kDa intracellular protein, and HLA-G encoded a 39-kDa, surface-expressed protein [9, 10] . Sequence analysis of the proteins encoded by these genes suggests they have a structure similar to that of class Ia MHC gene products, with the heavy chain associated with ␤ 2 -microglobulin [10, 11] . HLA-E is transcribed in virtually all tissues and cells that have been analyzed so far [12] , but the HLA-E protein does not generally reach the cell surface unless it binds a nonamer peptide derived from the leader peptides of other class I molecules [13] . HLA-F mRNA and protein have been detected mainly in cells of the B-cell lineage, such as peripheral blood B cells and B-cell lines, and in tissues containing B cells, especially the adult tonsil and fetal liver [14] . HLA-G has generated considerable interest because of its unique properties, which include limited polymorphism, generation of alternatively spliced transcripts, restricted tissue distribution, and a truncated cytoplasmic domain in the glycoprotein [4] [5] [6] . This gene and its protein products are the subject of the current review.
FIG. 1.
Comparison of the alternatively spliced transcripts derived from the HLA-G, Paan-AG, and Mamu-AG genes. a) The exon-intron organization of the HLA-G gene (HLA-6.0, acc. no. J03027 [9] ) and the HLA-G alternatively spliced transcripts that have been described so far in humans. b and c) The alternatively spliced transcripts of Paan-AG gene (b) and Mamu-AG gene (c), which were isolated from the baboon and rhesus monkey placentas, respectively. The black boxes represent the exons that are translated to proteins, whereas the white boxes represent the exons that are not translated because of the presence of a premature stop codon (*). The boxes with dashed borders represent the exons that are spliced out in each cDNA. E1-E8, Exons 1 to 8; i1-i7, introns 1 to 8; 3ЈUT, 3Ј-untranslated region.
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Biochemical Structure
The HLA-G primary transcript is alternatively spliced into multiple transcripts in various human tissues (Fig. 1) . The current tally is seven transcripts, including HLA-G1, which contains all eight exons that are typical of a class I MHC molecule. HLA-G2 excludes exon 3, whereas HLA-G3 does not contain exons 3 and 4 and HLA-G4 does not contain exon 4 [15, 16] . Two messages encoding soluble variants have also been described [17] . These transcripts, designated sHLA-G1 and sHLA-G2 (also called HLA-G5 and HLA-G6, respectively), contain a unique, 21-aminoacid peptide at the carboxyl terminus and are generated by retention of intron 4. A stop codon in codon 22 of this intron prevents read-through into the transmembrane-encoding exon 5. Recent reports also describe a new splice variant, HLA-G7, which has an open reading frame that extends into intron 2 and which may be translated into a soluble protein bearing the ␣ 1 domain and two amino acids encoded by intron 2 [18] .
The structure of each of these HLA-G protein isoforms has not been determined experimentally but may be predicted against known structures of HLA molecules. The full-length transcript, HLA-G1, contains all the amino acids that are important in formation of the tertiary structure of MHC class I molecules. These include the cysteine residues in the external domains of MHC class I, which form disulfide bridges that stabilize the tertiary structure of the molecule [9, 19] . In addition, the amino acid residues that contact ␤ 2 -microglobulin [20] and those that are important in peptide presentation, T-cell receptor, and CD8 coreceptor binding [19] are conserved [9] . HLA-G1 protein cross-reacts with W6/32, a monoclonal antibody that recognizes MHC class I heavy chain only in association with ␤ 2 -microglobulin [21] . The ␣ 1 , ␣ 2 , and ␣ 3 domains of soluble HLA-G1 are identical with those of the membrane-bound isoforms; thus, they may form similar tertiary structures.
The shorter isoforms of HLA-G are missing one or two domains as a result of alternative splicing. Hence, they cannot form structures similar to HLA-G1, because splicing eliminates the cysteine residues that are important in the formation of the tertiary structure in class I MHC molecules [19] . Some studies have suggested that HLA-G2 protein is present on the surfaces of transfected cells as a truncated class I molecule associated with ␤ 2 -microglobulin [22] . However, our own studies have shown that only the fulllength HLA-G1 associates with ␤ 2 -microglobulin; HLA-G2 does not (Morales et al., personal communication). This is supported by the fact that of the 19 amino acids that make contact with ␤ 2 -microglobulin, four are located in the ␣ 2 domain [20] , which is missing in HLA-G2 [15] . HLA-G2 proteins (both the soluble and membrane-bound isoforms) contain two external domains that strikingly resemble the two external domains of class II proteins, and it has been suggested that they may form homodimers or heterodimers that may act as surrogate class II molecules in cytotrophoblasts [15, 23] . As yet, however, the structures of these isoforms have not been determined.
Expression of HLA-G
HLA-G exhibits a rather unique and restricted pattern of expression in human tissues, both at the message and protein levels. HLA-G messages have been detected in different cell populations in both first-trimester and term placenta (summarized in Table 1 ). In addition, specific mRNAs have been detected in adult nonplacental tissues, including peripheral blood leukocytes, skin, spleen, thymus, prostate, testis, ovary, small intestine, eye, colon, heart, brain, lung, liver, and kidney, as well as in fetal tissues, including heart, lung, and kidney [24] . These studies showed that alternative splicing of the primary HLA-G transcript varied from tissue to tissue, with the placenta expressing all seven alternatively spliced transcripts but with some tissues, such as the thymus and keratinocyte cells, expressing three transcripts and others only one [24, 25] .
The distribution of the HLA-G proteins has proved to be difficult to determine because of the high degree of homology between HLA-G and other class Ia and Ib molecules. Although a number of currently available monoclonal antibodies are specific for HLA-G, the results using these antibodies have been contradictory and inconsistent. Apart from the extravillous cytotrophoblast cells that are stained by all the HLA-G-specific antibodies, whether the other cell types in the placenta express HLA-G remains controversial [26] . Different results have been obtained by various researchers depending on the type of antibody, the method of tissue acquisition and fixation, and the immunohistochemical technique used. For instance, the antibody 16G1, which is specific for soluble HLA-G, labels the syncytiotrophoblast, whereas the antibody BFL.1 labels the endothelial cells of chorionic fetal blood vessels and the antibody 87G labels Hofbauer cells in paraformaldehydefixed tissue sections [26] . However, the antibody 4H84, which recognizes all HLA-G isoforms through an epitope located in the ␣ 1 domain of HLA-G [27] , does not stain any of these cells; it only stains invasive extravillous cytotrophoblasts [28] .
In general, it is accepted that HLA-G protein is expressed constitutively in vivo by all populations of extravillous cytotrophoblast cells in first-trimester placenta, including interstitial, endovascular, and placental giant cells (Table 1 ). In addition, interferon-␣, -␤, and -␥ were shown to enhance HLA-G mRNA and protein expression in transfected mouse fibroblasts despite the presence of a 16-base pair (bp) deletion in the enhancer A/interferon response element [29] . HLA-G has also been detected on the surface of human oocytes and preimplantation embryos [30] , although earlier studies suggested that these tissues were class I negative [31] . Expression of HLA-G in male gametes is also controversial, with some reports demonstrating the presence of HLA-G mRNA and protein in immature and mature sperm cells but others indicating that these cells are completely class I negative (reviewed in [31] ). Recent reports indicate that the extravillous cytotrophoblast cells, which circulate in maternal blood during pregnancy, express HLA-G [32] . Expression of HLA-G mRNA and protein in tumors and cell lines has also been reported, but these reports are contradictory and the issue still controversial [33] . The only nonreproductive tissue so far in which HLA-G protein has been detected is the thymus [25] .
Soluble isoforms of HLA-G have been detected in amniotic fluid [27] , syncytiotrophoblast (which is in contact with maternal blood of the intervillous space in paraformaldehyde-fixed first-trimester human placentas [34] ), and circulating blood of pregnant women [35, 36] . The latter report [36] indicated that the isoforms of HLA-G circulating in maternal blood were either free sHLA-G heavy chains or soluble HLA-G2. Recently, it was shown that early embryos (obtained during in vitro fertilization procedures) secrete soluble HLA-G protein [37] .
Function of HLA-G
The function of HLA-G is not known, and a number of recent reviews have discussed this subject extensively [5, 6, 11, 38] . HLA-G is an oligomorphic, multi-isoform molecule that can bind and present peptides similar to class Ia molecules. Studies have suggested that HLA-G may have multiple functions, including protection of the placenta from natural killer (NK) cells and activated cytotoxic T lymphocytes (CTL) and induction of Th2 cytokine secretion by decidual cells, and that soluble isoforms may act as specific immunosuppressors during pregnancy [6] .
Various researchers have presented evidence suggesting the short isoforms of HLA-G may play a role in pregnancy modulation. One of the HLA-G alleles has a frame-shift mutation in exon 3 that results in amino acid substitutions in the second half of exon 3 and a stop codon at the beginning of exon 4, suggesting that the full-length HLA-G transcript may not be properly translated. Ober et al. [39] showed that an individual who was homozygous for this allele did not express HLA-G1 protein but did have successful pregnancies. Another report detailed a family of five siblings who were homozygous for this allele and had been delivered normally [40] . Three of the siblings were females who also had normal pregnancies. Thus, in the absence of the full-length HLA-G1, the shorter isoforms may perform the same function [41, 42] , because mRNAs encoding the other isoforms of HLA-G were detected in these individuals [39, 40] .
Expression and function of the shorter isoforms of HLA-G in vivo, however, have not been determined. Some studies have suggested that the shorter isoforms of HLA-G can be expressed on cell surfaces and can protect susceptible cells from NK and CTL lysis [42] and that the ␣ 1 domain of HLA-G, which is present in all isoforms, may be the ligand interacting with NK cells [22] . However, other reports suggest that the shorter isoforms do not reach the cell surface and, hence, may not have any function [43, 44] . Thus, the possible function of these isoforms is still controversial [33] , and an animal model is necessary to enable in vivo experiments to be performed.
One of the strategies that has been used in the hope of developing an animal model is transgenesis. Several HLA-G transgenic mice are being used for functional studies of HLA-G (reviewed in [45] ). The use of HLA-G transgenic mouse models enables certain types of experiments to be performed that cannot ethically be performed in humans. Other advantages include control of the genetic background of the experimental subjects, availability of tissue samples at all ages, and age-matched control subjects that do not express the transgene product. Experimental approaches that are feasible include grafting, use of infectious agents in vivo, and controlled matings with mice carrying other transgenes [45] . However, a number of differences between the human and murine reproductive parameters exist, including differences in the pattern of expression of endogenous MHC molecules in extraembryonic tissues and the length of gestation (21 days in the mouse, 40 wk in the human). In addition, binding of HLA-G to murine ␤ 2 -microglobulin and murine CD8 may be inadequate to mediate FIG. 2 . Phylogenetic tree depicting the evolutionary relationships between MHC-G and class Ia sequences from New and Old World monkeys, apes, and humans. Consensus sequences from exons 2 and 3 were aligned and a phylogenetic tree constructed using MEGALIGN Lasergene software (DNASTAR, Inc., Madison, WI). The length of each pair of branches represents the distance between the sequence pairs, whereas the units at the bottom of the tree indicate the number of substitution events. The locus names are based on the proposal by Klein et al. [50] in which the first two letters of the genus and species names are combined to form the taxa designation. Ceae, Cercopithecus aethiops (African green monkey); Gogo, Gorilla gorilla (gorilla); Mafa, Macaca fascicularis (crapeating macaque); Mamu, Macaca mulatta (rhesus monkey); Paan, Papio anubis (olive baboon); Patr, Pan troglodytes (chimpanzee); Popy, Pongo pygmaeus (Orangutan); Saoe, Saquinus oedipus (cotton-top tamarin).
HLA-G functions ( [45] and references therein). The mouse MHC locus is organized similar to that of the human and contains class I, II, and III regions [46, 47] . In contrast to those in the human placenta, class Ia genes are expressed in the spongiotrophoblast in the mouse placenta [7] . Recent evidence suggests that the mouse fetus may avoid immune destruction by controlling the maternal immune response rather than by reducing the placental transplantation antigen expression [7] . These differences place an important limitation on the interpretation of data from this species.
Because many nonhuman primates have homologues of both class Ia and class Ib MHC genes and because the reproductive system of most primates is similar to that of humans, nonhuman primates may offer suitable animal models to elucidate the function of HLA-G.
CLASS Ib GENE EXPRESSION IN NONHUMAN PRIMATES
Many nonhuman primates have homologues of HLA-A, HLA-B, and HLA-C in addition to class Ib homologues. The class Ib locus has not been extensively studied in nonhuman primates, and only limited information is available from a few species. The studies that have been performed have focused mainly on polymorphism and allelic diversity of MHC class I in nonhuman primates. Because of the interest generated by HLA-G in humans, its homologue in nonhuman primates (generally designated MHC-G) has also been widely studied in a number of these species. Comparison of the MHC-G genes in various species of primates, representing the Old World (Catarrhini) and New World monkeys (Platyrrhini), anthropoids, and humans, showed that this gene does not have the linear development throughout the postulated evolutionary pathway of primates [48] . Instead, it appears to have followed different evolutionary patterns in each group of species (Fig. 2) , and recent studies have suggested that the evolution of the MHC-G gene may not support a functional role for the complete protein (reviewed in [49] ). Figure 2 shows the evolutionary pattern of these genes. The clustering pattern of the MHC-G locus approximately mirrors the evolutionary pattern of the primate species, with the MHC-G from apes, Old World monkeys, and New World monkeys in different clusters.
The New World primate MHC-G appears to have diverged from the MHC-G of the other species much earlier during evolution, and this gene has characteristics similar to those of class Ia (described below). The AG locus genes clustered with the A locus genes as expected, whereas the MHC-G of the Old World monkeys and the apes formed individual clusters (Fig. 2) . The MHC-G loci of nonhuman primates are named according to the nomenclature convention recommended by Klein et al. [50] , in which the first two letters of the genus and species names are combined to produce a taxonomic designation (Fig. 2) .
MHC-G IN OLD WORLD MONKEYS
The Old World monkeys (found in Asia and Africa) are grouped into one family, Cercopithecidae, which consists of two subfamilies, Colobinae and Cerpithecinae. To our knowledge, no reports of MHC-G studies involving members of the Colobinae subfamily have appeared. However, studies have shown that the MHC-G gene in the Cercopithecinae subfamily has a unique characteristic that sets it apart from MHC-G of the other primates. In this group, the MHC-G of the species that have been evaluated contains stop codons in a restricted area of exon 3 [51] . These species have homologues of class Ia (MHC-A and MHC-B) in addition to the other class Ib genes and pseudogenes. In this group, the MHC class I genes of the rhesus monkey (Macaca mulatta) and the baboon (Papio anubis) have been intensely studied, because these two species have been extensively used in biomedical research.
Mamu-G and Mamu-AG in Rhesus Monkey
In the rhesus monkey, the HLA-G orthologue Mamu-G has been shown to be a pseudogene [52] . However, transcripts from this gene were predicted to encode a peptide with an ␣ 1 domain and a truncated ␣ 2 domain, consistent with the analysis of genomic DNA of other Old World monkeys that demonstrated a stop codon in exon 3 (encoding the ␣ 2 domain) but not in exon 2 (encoding the ␣ 1 domain) [51] . In contrast, further analysis of cDNA from the rhesus monkey placenta resulted in the identification of a novel class Ib locus, Mamu-AG [53] . This gene is closely a Only Paan-AG1 and Paan-AGx were expressed in nonplacental tissues, but comparison of the levels of expression of these transcripts in the placenta and other tissues was not done.
related to the A locus (Fig. 2 ) but encodes glycoproteins with all the characteristics of HLA-G, including restricted tissue distribution, alternative splicing of the mRNA, truncated cytoplasmic domain, and limited diversity (Table 2 ) [53] . Mamu-AG transcripts have been detected in the placenta, amniotic membranes, and a number of nonplacental tissues, including the kidney, spleen, eye, brain, lung, spinal cord, heart, testis, ovary, and adrenal glands [54] . However, the highest level of expression of Mamu-AG mRNA is consistently in the placenta and amniotic membranes, with expression in the other tissues being low. In contrast to HLA-G expression in human placenta, Mamu-AG mRNA and protein were strongly expressed in villous syncytiotrophoblast, whereas the villous cytotrophoblast was negative [55] . Mamu-AG protein was also detected in extravillous cytotrophoblast cells invading maternal vessels and decidua at the implantation site during early pregnancy [56] , which is a pattern similar to that of HLA-G protein.
Recent studies have more carefully evaluated rhesus monkey tissues for Mamu-AG mRNAs that might encode soluble protein(s), and the rhesus monkey placenta was found to express a variant of Mamu-AG mRNA (sMamu-AG1) that retains intron 4, as previously noted in human sHLA-G1 [17] and baboon sPaan-AG1 [57] (Fig. 1) , and that would encode a soluble isoform ( [58] ; T.G. Golos, personal communication, see database entry AY059404). The sMamu-AG1 transcript was also present in amnion, testis, spleen, thyroid, and ovary, but in other rhesus tissues, it was either absent (adrenal, lymph nodes, skeletal muscle, skin, heart, lungs, liver, and pancreas) or barely detectable (kidney, ovary, and intestine) [58] .
Immunostaining experiments with the antibody 16G1 against sHLA-G1 intron 4 peptide demonstrated that immunoreactive proteins were present in the syncytiotrophoblast of the chorionic villi of the rhesus monkey placenta, within the villous cytotrophoblasts, and occasionally, within cells of the villous stroma [58] , which is a pattern similar to that obtained with human and baboon placenta [34, 57, 59, 60] . These results confirm and extend the unique homology between HLA-G and the novel class Ib molecules, Paan-AG and Mamu-AG.
Paan-AG in Olive Baboon
The only other nonhuman primate in which the class Ib AG locus has been described is the olive baboon. The baboon AG locus, Paan-AG, was first identified in baboon term placenta in 1999 [61] and was shown to be similar to Mamu-AG. Two Paan-AG alleles were isolated from baboon term placental cDNA, and comparison of these alleles with other baboon class I genes suggested that the AG locus may have been derived from a class Ia A locus [61] . Recent studies in our laboratory have demonstrated that Paan-AG mRNA is alternatively spliced in a manner similar to HLA-G [57, 60] . We identified alternatively spliced transcripts homologous to HLA-G1, -G2, -G3, and -G4 from baboon first-trimester and term placentas (Fig. 1 ). In addition, we identified a transcript that retains intron 4 and encodes soluble Paan-AG1 glycoprotein, similar to soluble HLA-G1 (Table 2) . Two transcripts that have a truncated exon 3 and that encode a glycoprotein with the ␣ 1 domain and a truncated ␣ 2 domain were also detected [57, 60] .
We screened a number of baboon tissues for expression of Paan-AG messages and proteins and found that Paan-AG1 messages and Paan-AG messages with a truncated exon 3 were present in all the tissues tested, including the placenta, decidua, cycling endometrium, kidney, liver, spleen, thymus, lung, skeletal muscle, and heart, similar to HLA-G [57, 60] . However, the shorter, alternatively spliced transcripts were detected only in the placenta and decidua, not in other tissues. We generated isoform-specific polyclonal antibodies to Paan-AG1, Paan-AG2, and soluble Paan-AG1 glycoproteins and used these antibodies to determine whether these transcripts are translated in baboon tissues. These studies are still on-going, but preliminary results show that soluble Paan-AG1 and membrane-anchored Paan-AG1 are strongly expressed in the villous syncytiotrophoblast in both first-trimester and term placenta [59, 60] . The two proteins are also expressed by the extravillous cytotrophoblast cells at the basal plate. However, no Paan-AG2 protein has been detected in the baboon placenta.
Comparison of the predicted amino acid sequences of the proteins derived from the full-length transcripts encoded by the AG locus with class Ia amino acid sequences showed that the amino acids essential for formation of the tertiary structure of class I MHC molecules and interaction with ␤ 2 -microglobulin are conserved in Paan-AG1 and Mamu-AG1 [53, 60, 61] . Both proteins also cross-react with W6/ 32, a monoclonal antibody that recognizes HLA class I heavy chain in association with ␤ 2 -microglobulin [55, 62] . Thus, the AG locus encoded proteins may have a tertiary structure similar to that of MHC class I molecules. The predicted amino acid sequence of the shorter isoforms and soluble isoforms are also similar to their human counter-parts, suggesting that they may form similar tertiary structures, but no experimental data are currently available.
The AG locus therefore appears to be a functional homologue of HLA-G, and comparison of the HLA-G, Mamu-AG, and Paan-AG gene sequences shows that they share many similarities (Table 2) . Thus, the rhesus monkey and the baboon may be nearly ideal models for functional studies to elucidate the role of HLA-G at the maternal-fetal interface. Baboons are abundant in Africa and breed with high fertility rates (Ͼ80%) in captivity. Details of baboon reproductive patterns also are available, because these animals have been used extensively in studies on reproduction [63] . The rhesus monkey is found in Asia, and currently, most primate research centers in the world keep colonies of rhesus monkeys for biomedical research. In addition, details of class I expression in the rhesus monkey placenta and immune cells at the maternal-fetal interface are available [64] . Both species, in addition to other nonhuman primates, have been used as models for infectious diseases, organ transplantation, and the mechanism of immune pathology following infection, because their immune systems are similar to that of humans [reviewed in 65 and references therein].
MHC-G IN NEW WORLD MONKEYS
One of the characteristics of HLA-G that sets it apart from other class I genes is a 23-bp deletion in position 161-183 on intron 2 [9] . This deletion has been observed in all the MHC-G genes of the Cercopithecidae and Pongidae families that have been studied so far [48, 51] . However, the MHC-G in New World monkeys does not contain this deletion [48] . In this group, the MHC genes of the cottontop tamarin (Saquinus oedipus), a New World primate found in South and Central America, have been extensively studied. The MHC-G (Saoe-G) in this species exhibits relatively more alleles, with nonsynonymous substitutions located in the T-cell receptor, NK receptor, and the antigenbinding site [48] . This species does not have HLA-A or -B homologues [66] . Thus, in the absence of class Ia molecules (except for the HLA-C-related one), Saoe-G could be the antigen-presenting molecule [48] . So far, no reports have detailed the pattern of expression of this gene in this species, because all these studies have been performed using genomic DNA. However, the characteristics of Saoe-G described above indicate that this species cannot be used as a model for functional studies of HLA-G.
MHC-G IN ANTHROPOIDS
In the anthropoids (Pongidae), MHC-G appears to be relatively monomorphic, although only a few species have been tested. The low polymorphism observed in the MHC-G of gorilla (Gorilla gorilla), chimpanzee (Pan troglodytes), and pigmy chimpanzee (P. paniscus) was similar to that observed in HLA-G [48] . It is only the MHC-G of orangutan (Pongo pygmaeus) that shows five protein alleles that affect both the T-cell receptor and antigen-binding site [48] . The MHC-G mRNA of the Pongidae species was also found to be alternatively spliced. However, in contrast to HLA-G, only three alternatively spliced transcripts, MHC-G1, -G2, and -G3, were detected [67] . MHC-G4 and transcripts encoding the soluble protein isoforms were not detected in these species. No expression studies of this gene have been done as yet in this group of nonhuman primates. Although the MHC-G in this group appears to be similar to HLA-G, the anthropoids are an endangered species in the wild and are generally not available for research, which limits their potential as animal models.
SUMMARY
The function of HLA-G has not been elucidated, yet evidence is accumulating in support of the idea that both membrane-bound and soluble forms of HLA-G exert multiple functions on immune cells [5, 6] . Ethical considerations do not allow in vivo experiments to be performed in humans, and the extent to which in vitro experiments and mouse models can reflect the in vivo situation is limited. Therefore, animal models with reproductive systems similar to that of the human would be ideal for performing experiments to elucidate the function of these molecules. The apes, which are closest to humans in the evolutionary tree (Fig. 2) , are generally endangered species and are not readily available for experimentation. The MHC-G in New World monkeys appears to play a role similar to MHC class Ia in humans, whereas MHC-G in Old World monkeys is inactivated [48] . However, the new AG locus that has been described in the rhesus monkey and olive baboon presents a good alternative, because this locus encodes a protein with characteristics similar to those of HLA-G, suggesting these two species can serve as appropriate animal models to elucidate the function of HLA-G. Both species have a monodiscoid, hemochorial placenta that is similar, both developmentally and structurally, to human placenta.
Studies are currently on-going to further characterize the AG locus products and the function of these molecules in these two species. Future studies include experiments to test whether introduction of isoform-specific anti-AG antibodies will interfere with an on-going pregnancy or with implantation. Data using such functional experiments may be extrapolated to humans given the similarity between HLA-G and the AG locus as well as the similarity in the immune responses of humans, rhesus monkeys, and olive baboons.
